H2BFWT is one of the testis-specific histones that plays a fundamental role in spermatogenesis, and single nucleotide polymorphisms (SNPs) in this gene may result in male infertility. This study aimed to investigate the association between À9C>T and 368A>G transitions of H2BFWT gene and male infertility through a case-control, meta-analysis, and a bioinformatics approach. In this casecontrol study, 490 subjects including 240 idiopathic infertile men and 250 healthy controls were included. The À9C>T and 368A>G SNPs genotyping were performed by a PCR-RFLP method. To find eligible studies for meta-analysis, we searched valid scientific databases. The odds ratios with 95% confidence intervals were estimated to find the strength of these associations. Furthermore, the influences of two common transitions on the molecular features of H2BFWT were assessed by in silico tools. Our case-control data revealed that À9C>T is not associated with male infertility. But, there was a significant association between 368A>G and male infertility. In the meta-analysis, five eligible studies were included. Our data revealed significant associations between À9C>T, 368A>G, and male infertility in overall and stratified analyses. Moreover, structural analysis showed that 368A>G could affect the protein structure (SNAP prediction: non-neutral, score: 42, expected accuracy: 71%; SIFT prediction: deleterious, score: À2.55), while À9C>T may affect the binding nucleotide in the promoter region. Based on these findings, two aforementioned polymorphisms were associated with increased risk of male infertility. However, studies with larger sample size and different ethnicities are needed to obtain more accurate conclusions.
INTRODUCTION
Male infertility is described as a male's inability for reproduction after at least one year of unprotected and regular sexual coition that inflicts about 15% of all couples deciding to engender offspring (Ferlin et al., 2007; Miyamoto et al., 2015) . In addition to lifestyle and environmental risk factors, genetic disorders such as chromosomal aberrations, gene mutations, and polymorphisms are responsible for 15-30% of cases of male infertility (Nuti & Krausz, 2008; Leaver, 2016) . Many genetic factors could affect spermatogenesis process which include spermatogonial stem cell proliferation, meiosis, and spermatid differentiation. This intricate process has been managed by multiple genes and molecules Talebi et al., 2017) . Histones are a group of proteins that account for chromatin compaction and DNA packaging in the eukaryotic cell and play a basic role in spermatogenesis (Ying et al., 2012; Wu et al., 2015) . Histones include various types, and in the meantime, human testis-specific histones are discovered in both spermatogonia and mature spermatozoa (Van Roijen et al., 1998; Churikov et al., 2004) . The function of these histones might be alike their somatic histones, and they could play a key role in post-translational modification and differentiation during spermatogenesis (Henikoff & Ahmad, 2005; Ausi o, 2006) . Basically, a decline in testis-specific histone can cause morphological abnormalities in spermatozoa and male subfertility (Couldrey et al., 1999; Tanaka et al., 2005) .
Among them, the H2B family, member W, testis-specific (H2BFWT) is one of the testis-specific histones that plays a role in spermatogenesis process. This molecule is particularly synthesized and aggregated in human testis and sperm nuclei in a specific stage of spermatogenesis (Churikov et al., 2004; Wu et al., 2015) . In addition, H2BFWT protein relates to chromatin restructuring during spermatogenesis (Gineitis et al., 2000) . Spermatozoa of infertile men have more nuclear H2B histone rather than fertile men, and an abnormally high ratio of histone H2B can function in the development of DNA damage in spermatozoa (Zhang et al., 2006) , indicating that low amounts of H2BFWT might result in impaired spermatogenesis. All abovementioned descriptions reveal that H2BFWT plays a crucial role in the male reproductive system; therefore, changes in the structure and function of the protein may be involved in the impairment of male spermatogenesis. This gene with three exons is located on chromosome Xq22.2, and its amino acid sequence shows a 45% homology to somatic H2B. There are two more frequently studied single nucleotide polymorphisms (SNP) for this gene, including À9C>T (rs7885967) and 368A>G (rs553509). The À9C>T transition is located in the 5 0 untranslated region (5 0 UTR) of H2BFWT. But, 368A>G transition is located in exon 1 and results in histidine-to-arginine substitution at codon 123 (His123Arg). Several studies have examined the associations between H2BFWT À9C>T and 368A>G gene polymorphisms and risk of male infertility; however, the results are inconsistent and inconclusive (Lee et al., 2009; Ying et al., 2012) . Therefore, to evaluate the association between each of the two aforementioned SNPs and male infertility risk, first we performed a case-control study in the population of northern Iran followed by a meta-analysis including our data and recent literature review. In addition, we performed an in silico analysis to investigate the influence of above-mentioned SNPs on molecular aspects of H2BFWT.
METHODS

Case-control study
In a case-control trial, 240 men with idiopathic infertility and 250 age-matched healthy controls were included. All participants were recruited from Fatemeh-Zahra infertility center (Babol, Iran), between 2015 and 2017. Patients with a history of maldescent of testis, orchitis, obstruction of the vas deferens, varicocele, abnormal karyotype, Y chromosome microdeletions, immune, and infectious abnormalities were excluded from this study. The semen parameters were analyzed based on World Health Organization (WHO 2010) criteria. According to these criteria, all infertile men in this study were divided into oligozoospermia (n = 120) and non-obstructive azoospermia (NOA) (n = 120). Control subjects were men with normal sperm parameters without a history of infertility and at least one offspring. Eventually, 5 mL of blood was drawn from each participant into CBC tubes and was preserved at À20°C. Signed informed consent was obtained from all subjects, and the study was approved by the Research Ethics Committee of the Babol University of Medical Sciences.
At the next step, genomic DNA was isolated from all blood samples by a commercial DNA extraction kit (Bioneer, Korea). SNPs genotyping was performed by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method. For this purpose, the entire genomic sequence of H2BFWT was obtained from NCBI and the locations of À9C>T and 368A>G polymorphisms were determined. Specific primers were designed for each SNP by OLIGO7 software. The sequence of forward and reverse primers for À9C>T transition was 5 0 -CATCCAATCAGACGTG AAGCTGGCCCGTGA-3 0 and 5 0 -TGCTTCTGGGACGTAGTGGA-3 0 , respectively. However, these sequences for 368A>G polymorphism were 5 0 -GCCACTGCCTCCGCCATGGCTG-3 0 and 5 0 -GACCCTTTGGGTTCCCGTGGTGC-3 0 , respectively. The fragments containing mentioned SNPs were amplified by PCR in a peqSTAR thermal cycler (peqSTAR, Germany). Therefore, PCR was carried out in 20 lL total volume containing 10 lL CinnaGen PCR Master Mix, 0.35 lmol/L each of primers, and 40 ng of template DNA (all PCR agents were ordered from CinnaGen Co., Tehran, Iran). PCR was performed under the following program: The first denaturation step at 94°C (5 min) followed by 35 cycles containing denaturation step: 94°C (40 sec); annealing step: 58°C for À9C>T SNP and 60°C for 368A>G SNP (40 sec), extension step: 72°C (1 min) and final extension temperature: 72°C (5 min). The PCR product fragments containing À9C>T and 368A>G transitions were treated at 37°C for 16 h with Tsp45I (Fermentas Co., Leon-Rot, Germany) and Eco91I (Fermentas) restriction enzymes, respectively. Digested products of À9C>T and 368A>G transitions were analyzed by 1% agarose and 8% polyacrylamide gel electrophoresis, respectively. Agarose gels were stained with GelRed TM (Biotium, Hayward, CA, USA), whereas polyacrylamide gels were stained with silver nitrate (AgNO3). To ensure the accuracy of the PCR-RFLP procedure, about 3% of the PCR products were randomly sequenced by Bioneer Company.
Meta-analysis
Two authors (Najaran H and Teimouri M) separately conducted a systematic literature search in the PubMed, EMBASE, Web of Science, Google Scholar, and Science Direct databases up to August 2017. The search terms were as follows: 'H2BFWT or H2B family, member W, testis-specific' and 'male infertility or oligozoospermia or azoospermia' and 'polymorphism or SNP or mutation or variant' and 'À9C>T or rs7885967 or 368A>G or rs553509'. In addition, the references of reviews and retrieved articles were evaluated to identify other qualified studies that were lost by the main search.
Only the articles with the following conditions were selected (i) the study was a case-control study evaluating at least one of the two mentioned SNPs; (ii) the full text of the article was available; (iii) the allele repartition was available in both cases and controls; (iv) the published language was in English; (v) allele frequencies were available for the estimation of odds ratios (ORs) and 95% confidence intervals (CIs). Studies were excluded if any of the following criteria existed (i) the study did not explore the association between any of the two mentioned SNPs and male infertility risk; and (ii) the article was an animal study, review article, meta-analysis, and conference abstract or editorial article.
Two authors extracted the relevant data apart in compliance with the inclusion criteria. Extracted data were recorded in a collection form and checked by the authors. Disagreements were solved by argument and consensus. The following data for each study were extracted (i) first author's name, year of publication, region (country), and genotyping method; (ii) sample sizes of the case and control groups; and (iii) allele and haplotype frequencies.
Statistical analysis
In a case-control study, the association between two aforementioned SNPs with male infertility was evaluated using estimation of odds ratio (OR) and 95% confidence interval (95% CI) through binary logistic regression. All p-values were two-tailed, and a p-value less than 0.05 was considered statistically significant. These analyses were carried out by the SPSS software (version 19.0; SPSS Inc, Chicago, IL).
In the meta-analysis, we performed an evaluation for two following allelic models including T vs. C (for À9C>T polymorphism) and G vs. A (for 368A>G polymorphism) and also three haplotype models including TA vs. CA, CG vs. CA, and TG vs. CA genetic models. Then, we measured the association between mentioned genetic models and risk of male infertility using odds ratio (OR) and confidence interval (CI). Heterogeneity in included studies was estimated by the Q statistic and the I 2 score. Based on the P heterogeneity , either the random-effect model or the fixed-effect model was used for each analysis. If the P heterogeneity was less than 0.1, the random-effect model was chosen; otherwise, the fixed-effects model was used (Higgins et al., 2003; Huedo-Medina et al., 2006) . Moreover, the metaanalysis was stratified by ethnicity, sample size, and sperm parameters (NA or non-azoospermia and azoospermia). Nonazoospermia group was included the patients with 'oligozoospermia' or 'severe oligozoospermia' or 'asthenozoospermia' or 'teratozoospermia' or 'oligoasthenoteratozoospermia' or 'oligoasthenozoospermia' or 'oligoteratozoospermia' or 'asthenoteratozoospermia'. In addition, a sensitivity test was performed to assess the stability of association results by sequentially removing one study per time. The possible publication bias was evaluated by Egger's regression test and Funnel plots. All analyses were performed by Open Meta Analyst and Comprehensive Meta-Analysis software. A two-tailed p-value less than 0.05 was considered as statistically significant.
In silico analysis
The gene (NG_016406.2), mRNA (NM_001002916.4), and protein (NP_001002916.3) sequences of H2BFWT were found out from the NCBI. After analysis of À9C>T polymorphism, we understand that it is located on 5 0 UTR and also it may be considered as a possible variety of intrinsic promoter. But, 368A>G transition was identified on coding sequence of H2BFWT as a missense SNP (His123Arg). PNImodeler web application was used to characterize potential impacts of c.À9 C>T transition on protein binding sites of the H2BFWT promoter region. Also, we evaluated the transcription factors which may interact with the promoter sequence of H2BFWT by the TFBIND web server. The amino acid sequence of H2BFWT was analyzed by the ExPASy web server. The changes in secondary structure of H2BFWT were analyzed after His123Arg substitution by Neural Network, Chou-Fasman, and GOR methods. The hydrophobic plot and average flexibility plot for normal and mutant protein were assessed by the Kyte and Doolittle scale and Bhaskaran and Ponnuswamy scale, respectively. The impacts of His123Arg substitution on the function of H2BFWT were evaluated by SNAP, and SIFT web servers. The influence of 368A>G transition on the structure of mRNA was evaluated by RNASNP software.
RESULTS
PCR-RFLP and DNA sequencing
Genotyping of the À9C>T and 368A>G transitions was performed by the PCR-RFLP method. Regarding À9C>T transition, a 212-bp amplified fragment of H2BFWT gene was treated by the Tsp45I restriction enzyme and electrophoresed on 8% polyacrylamide gel. Results revealed that 212-bp fragment in the samples containing C allele digested to 186-and 26-bp fragments, whereas samples with T allele had no restriction site for the Tsp45I enzyme. Regarding 368A>G transition, 484-bp amplified fragment was digested by Eco91I restriction enzyme and electrophoresed on 1% agarose gel. Samples with two fragments (295-bp and 185-bp) identified as A allele, whereas samples with the G allele had no restriction site for the Eco91I enzyme (Fig. 1) . As these SNPs are located on the X chromosome, we did not 308 Andrology, 2018, 6, 306-316 observe heterozygote samples. To confirm PCR-RFLP procedure, some PCR products with different alleles were checked by DNA direct sequencing. Data showed that the DNA sequence was bona fide at À9C>T and 368A>G positions (Fig. 1) .
Distribution of allele frequencies
The distribution of allele frequency of -9C>T and 368A>G polymorphisms is detailed in Table 1 . Our data revealed that there is no significant association between À9C>T transition and male infertility in our population study (OR= 0.91, 95% CI= 0.64-1.30, p = 0.615). In stratified analysis, we also did not find significant associations between the T allele and oligozoospermia (OR= 1.04, 95% CI= 0.67-1.62, p = 0.847) and non-obstructive azoospermia (OR= 0.85, 95% CI= 0.55-1.32, p = 0.477).
With regard to 368A>G polymorphism, we observed a significant association between G allele and male infertility (OR= 1.50, 95% CI= 1.05-2.15, p = 0.025). Also, we found a significant association between 368A>G gene polymorphism and azoospermia (OR = 1.69, 95% CI = 1.09-2.62, p = 0.019). But, we did not observe any significant association between 368A>G polymorphism and oligozoospermia (OR = 1.34, 95% CI= 0.86-2.07, p = 0.193).
Meta-analysis
The search strategy flowchart is shown in Fig. 2 . A total of 14 papers were retrieved from the search tool of PubMed, EMBASE, Web of Science, Google Scholar, and Science Direct. After the screening, nine irrelevant studies were excluded. One study was excluded because it was without full text. One study was excluded because it was not written in English. In addition, we added our data to this meta-analysis. Finally, five case-control studies considering 1292 cases and 855 controls met the inclusion criteria (Ying et al., 2012; Lee et al., 2009; Zargar et al., 2015; Rafatmanesh et al., 2018; and current study) . The year of publications ranged from 2009 to 2017. The characteristics of each of the included studies along with the allele and haplotypes frequencies are shown in Tables 2 and 3, respectively. Lee et al. (2009) only studied the association between À9C>T polymorphism and male infertility. Also, Rafatmanesh et al. (2018) and current study did not report the haplotype analysis. All of these studies have used PCR-RFLP method for SNPs genotyping except Lee et al. (2009) who used DNA direct sequencing method. Ying et al. (2012) and Rafatmanesh et al. (2018) recruited oligozoospermia and azoospermia in patient groups. Case group of Zargar et al. (2015) study was composed of severe oligozoospermia and azoospermia. However, Lee et al. (2009) employed azoospermia and non-azoospermia in case group that non-azoospermia were included men having at least one abnormality in sperm concentration (>20 9 10 6 ), motility (>50%), or morphology (>14%).
The association results in the meta-analysis were given in Table 4 . Our data revealed that there are significant associations between À9C>T (OR = 1.31, 95% CI = 1.01-1.71, p = 0.04) or 368A>G (OR = 1.49, 95% CI = 1.20-1.84, p < 0.001) and male infertility in the overall analysis (Fig. 3) . Moreover, the associations between two mentioned SNPs and male infertility risk were further stratified by sperm parameters, ethnicity, and sample size. In the stratified analysis by sperm parameters, significant associations were found between both À9C>T (OR = 1.34, 95% CI = 1.09-1.64, p = 0.006) and 368A>G (OR = 1.54, 95% CI = 1.20-1.98, p < 0.001) and NA. However, there was only a significant association between 368A>G and azoospermia (OR = 1.42, 95% CI = 1.10-1.84, p = 0.008). In the stratified analysis by ethnicity, we observed significant associations between À9C>T and male infertility in Asian population (OR = 1.53, 95% CI= 1.21-1.94, p < 0.001) and also between 368A>G and male infertility in Caucasian population (OR = 1.44, 95% CI = 1.10-1.89, p = 0.008). In the stratified analysis by sample size, we only found a significant association between 368A>G and male infertility in studies with sample size more than 400 subjects. Moreover, we did not observe significant associations between TA, CG, and TG haplotypes and male infertility in the overall analysis. Only, there was a significant association between TG haplotype and risk of NA (OR = 2.60, 95% CI = 1.39-4.89, p = 0.003).
The results of heterogeneity and publication bias are given in Table 5 . Significant heterogeneities were observed in overall analysis of T vs. C (P heterogeneity = 0.095, I 2 = 49%) and TG vs. CA (P heterogeneity = 0.014, I 2 = 83%) genetic models. In stratified analysis by sperm parameters, we also observed a significant heterogeneity for T vs. C genetic model in azoospermia group (P heterogeneity = 0.030, I 2 = 63%). Moreover, a significant heterogeneity was observed in studies with sample size more than 400 participants in T vs. C genetic model. Therefore, a random-effect model with broader CIs was employed to compute the association result in this case. Both Egger's regression test and Begg's funnel plot were employed to evaluate the potential publication bias. According to the results of Egger's tests in Table 5 , there was no significant publication bias for both overall and stratified analyses (Fig. 4) except for the T vs. C genetic model in studies with sample size more than 400 subjects. To test the effectiveness of a single study data on overall ORs, an individual study was excluded from the meta-analysis at any time and ORs then recalculated. Our data revealed that recalculated ORs were not substantially altered in most analytical models (data not shown) and confirm that the meta-analysis was robust.
Bioinformatics analysis
The influence of -9C>T polymorphism in the H2BFWT gene promoter was evaluated by an in silico approach. PNImodeler prediction results showed that À9C>T transition would alter patterns of possible protein binding sites in promoter region around the polymorphic position that may influence the affinity of transcription factors and possible subsequent gene expression. As shown in Fig. 5 , the pattern of binding sites around À9 position 
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H2BFWT GENE TRANSITIONS AND MALE INFERTILITY changes after C>T transition. Possible 11 and 10 binding sites were found in the promoter region of the sense strand of c.À9C and c.À9T allele, respectively. Furthermore, the binding sites for complementary strands were 12 and 9 for c.À9C and c.À9T allele, respectively. These changes may affect H2BFWT gene expression via alteration in binding affinity of transcription 
factors with the promoter. Also, the data from TFBIND server revealed that several key transcription factors could interact with the promoter sequence of H2BFWT. For example, MyoD, PAX2, E2F, AP-2, USF1, CREB, and Sp1 transcription factors may interact with promoter region. As the transcription factors play a crucial role in cell cycle and differentiation, À9C>T transition may influence the function of these transcription factors. But, the data from RNAsnp server revealed that the À9C>T polymorphism could not significantly affect the structure and stability of mRNA (distance: 0.0432, p-value: 0.5217).
We have evaluated the impacts of 368A>G transition on some molecular features of H2BFWT such as protein structure and RNA stability by Bioinformatics tools. Our data revealed that His123Arg substitution alters the secondary structure of H2BFWT in Neural Network and GOR models. As shown in Fig. 5 , the secondary structure of H2BFWT at residue 126 for 123His and 123Arg phenotypes is coil and helix, respectively. Also, His123Arg substitution changes the hydrophobicity of H2BFWT at residues 119-127 (Fig. 5) . In addition, the average flexibility of the protein increases in residues 119 to 127 after His123Arg substitution (Fig. 6) . SNAP data showed His123Arg as a damaging polymorphism (prediction effect: non-neutral; score: 42; expected accuracy: 71%; Fig. 6 ). SIFT results showed that 368A>G transition could be damaging for H2BFWT Figure 4 Funnel plot. Evaluation of publication bias for À9C>T polymorphism (A) and 368A>G polymorphism (B) in the overall population. (prediction: deleterious; score: À2.55). RNA structure analysis by RNAsnp software showed that 368A>G transition has no significant effect on RNA structure (distance: 0.0072, p-value: 0.8716).
DISCUSSION
Nowadays, male infertility is a worldwide problem that involves some young men (Agarwal et al., 2015) . Despite the progress made in this field, the etiology and treatment is still the best way to deal with this problem. Therefore, recognition of male infertility risk factors is very invaluable. There are several genetic factors involved in the susceptibility of male infertility (Butler et al., 2015) . Polymorphism in key spermatogenesis genes such as folate-metabolizing genes and sperm DNA packaging genes could be considered as probable risk factors for male infertility (Jamali et al., 2016; . In this current study, the association of À9C>T and 368A>G polymorphisms in H2BFWT gene with male infertility risk was assessed through a case-control and meta-analysis as the first report. Our case-control study revealed that only 368A>G is associated with male infertility. Then, we performed a meta-analysis and our results showed that À9C>T and 368A>G transitions are significantly associated with male infertility. In subgroup analysis, significant associations were found between À9C>T and NA, whereas, 368A>G transition was significantly associated with risk of NA and azoospermia. In addition, we found a significant association between TG haplotype and NA. Also, a significant association was observed between À9C>T transition and male infertility among the Asian population. However, 368A>G transition was associated with male infertility within Caucasian population. When the meta-analyses were stratified into two groups based on sample sizes (<400 vs. >400 subjects), the results showed that 368A>G polymorphism is associated with male infertility in studies with sample size more than 400 subjects. It is noteworthy that three Caucasian studies belonged to Iranian population, so it is logical that the results be considered for Iranian population.
Statistically significant heterogeneities were found for À9C>T polymorphism in the overall analysis, in azoospermia cases and studies with sample size more than 400 subjects subgroups. Also, we observed some significant heterogeneities for TG haplotype. Different results between individual studies may arise from different ethnicity and the effects of environmental factors. Also, we found only a marginal publication bias in the meta-analysis for À9C>T polymorphism in sample size analysis that represents the reliability of outcomes. We should note that the sample size and numbers of studies included in the meta-analysis were not adequate, which might lead to confused conclusions (Pogue & Yusuf, 1998) . However, we could not perfectly decline the association between À9C>T and 368A>G polymorphisms with male infertility risk due to lack of sufficient sample size.
The incidence of male infertility associated with the presence of the À9T and 368G alleles has not been increased in some populations who are included in the meta-analysis. As mentioned above, this may be due to effect of ethnicity and environmental factors. Indeed, negative selection of these alleles in the population could be conducted in the case of increased risk of infertility in males with À9T and/or 368G alleles. However, the protective effects of gene-gene and gene-environmental interactions may modulate the disturbed H2BFWT by À9T and/or 368G mutations, resulting in typical spermatogenesis.
The H2BFWT as a testis-specific histone variant has a crucial role in spermatogenesis. This molecule can replace somatic histones during spermatogenesis (Churikov et al., 2004) . It has a specific function in meiosis during chromatin reorganization and the regulation of spermatogenesis (Gineitis et al., 2000) . Thus, any change in the expression and structure of H2BFWT may disrupt the spermatogenesis process. Moreover, Zheng et al. (2010) reported that there are many genes in the mammalian X chromosome, which expressed in early spermatogenesis. Some studies in mice reveal that X-linked germ cell-specific genes, including Tex11, Akap4, Taf7L, and Nxf2, play important roles in the regulation of the male reproductive system (Miki et al., 2002; Yang et al., 2008) . In addition, double-mutant males for Taf7L Tex11 gene displayed more defects in meiosis than single mutant, proposing that these two X-linked genes synergistically regulate meiosis procedure in males (Zheng et al., 2010) .
As part of this study, we have evaluated the effects of À9C>T and 368A>G polymorphisms on some molecular aspects of H2BFWT by in silico analysis. Our previous studies revealed that in silico analysis is a helpful method for evaluation of the impacts of genetic polymorphisms in gene expression, splicing pattern, RNA structure, and protein function (Raygan et al., 2016; Mazaheri et al., 2017; Soleimani et al., 2017) . In this current study, we also have taken an in silico approach to achieve similar purposes. Regarding 368A>G transition, we found that this polymorphism might be deleterious for protein function. This transition leads to a missense substitution in exon 1 (His123Arg). This mutation may disrupt the interaction between H2BFWT protein and DNA, which may result in impaired spermatogenesis. In the case of À9C>T transition, we found that it may affect the function of the promoter region of H2BFWT and 314 Andrology, 2018, 6, 306-316 consequently may lead to changes in gene expression. Spermatogenesis takes place in three consecutive phases: mitotic, meiotic, and post-meiotic. Indeed, proteins encoded by genes expressed during spermatogenesis are essential for processes specific to the different phases of germ cell development (Luangpraseuth-Prosper et al., 2015) . Expression profile for these proteins is affected by transcriptional, translational, and posttranslational modification (Fu et al., 2014) . Interaction of transcription factors to a specific motif of promoters regulates gene expression. Some transcriptional factors are general and regulate expression of many genes in different tissues, while others are tissue-specific. Unique transcriptional factors such as SPRM1, ZFY-2, TAK-1, and OCT-2 are active in spermatogenic cells and are best characterized in CREB (Eddy, 1998) . As described in result section, there is a possible binding site for CREB at the promoter region of H2BFWT. Therefore, À9C>T transition may influence this binding site and may disrupt the regulation of H2BFWT gene. There are some limitations in our study, which should be mentioned. The principal limitation of this study is the restriction of meta-analysis to five studies with limited sample sizes. Only English articles were included in this meta-analysis, so language bias might be involved. Finally, unavailability of original data, including smoking, body mass index, age, and family history may affect the accuracy of association of SNPs with male infertility risk.
In conclusion, our study revealed that À9C>T and 368A>G transitions might be genetic risk factors for male infertility. But, further studies in different ethnicities are required to achieve stronger results.
